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Mr, J. A. Legarra, Chief June 260, 19758
Division of Construction & Research

Division of Construction & Research

Value Engineering Study - "Mudijacking®

In June of 1972, the Headquarters Value Engineering Branch solicited
all District Directors and Headquarters Branch Chiefs, for items
or procedures which might warrant Value Engineering investigations,

One of several replies received was a suggestion from Transportation
Lab to investigate the mudjacking of sunken pavement slabg, The
findings of an investigation of the ecuipment, procedures and
materials used in mudjacking are as follows: .

a) Average annual cost Statewide of mudjacking is $§00,000+
not including traffic controls, lane closures, and user
coste associated with accidents, delavys, etc.

b) Twenty-five percent {25%) of areas mudjacked require read-
justment every 1 to 5 years.

¢) Areas predoninantly requiring mudjacking are located at
bridge approaches.

d) Effectiveness of current procedures cannot be determined
presently by any reasonable means since direct observa~-
tion of condition below the slab is impossible.

e) Boring procedures and pavement removal for subsurface
investigation were considered beyond the scope of this
Value Engineering study.

In conclusion, this portion of the Value Engineering studyv developed
no promising soclutions to reduce mudjacking expenditures (sea
Appendix A - Report by L. R. Arnott 12-10-73). Further exploration
of the mudjacking problem by J. Evans and Walter White revealed

an item with potentially promising results, i.e.,

"A non=destructive testing device, using high resolution
radar, capable of looking down through concrete pavement
and detecting voids beneath the sglab,™
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Mr. J. A. Legarra
Page 2
June 20, 1975

The equipment is now 1n the experimental stage and offers the
greatest potential for solving the mudjacking problem as well
as a wide variety of uses for highway and bridge maintenance,
At the present time development of this device is directed at
methods of calibration for specific tasks and interpretation of
output results.

We strongly recommend that all branches of CALTRANS keep abreast
of research in this area.

Thig report closes the Value Engineering effort except as noted
on page 6.

Original Signed by
E. D. Spariz

E. D. Spértz, Chief.
Value Engineering Branch

Attachment:

JSE:sam/s .
cc: Travis Smith, Maintenance
W. H. Ames, Transportation Labh
Guy Mancarti, Structures
Jack Cropper, Construction
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Value Engineers

Mudjacking Study

SYNOPSIS

The Value Engineering study on mudjacking was conducted by Bob
Arnott with some assistance by Bob Hubbs during the information
gathering phase. : '

Prior to returning to District 02, Arnott prepared the interim
-report draft attached, Appendix A. The project was then assigned .
to me for the responsibility of concluding the study. At the time
I concurred with the findings and conclusions by Rob; but I asked
Frank Baxter if I could look into the application of subsurface
detection eguipment in regard to mudjacking. He gave his concur-
rence and permission of assistance by Walter White.

What appears to be needed is -a simple economical piece of equipment
that can be rapidly propelled over a stretch of highwav to detect
the location and magnitude of voids under slabs. With these areas
accurately defined, the mudjacking éffort can be more efficiently
defined and resources utilized. ~

CONTINUED STUDY

The following is a summary of our investigations:

We obtained articles on non-destructive testing technigues through
the library, HRIS, and the Geophysics unit at Transportation Lab.
The Lab has had previous correspondence with Geophysical Survey
Systems, Inc. of North Billerica, Mass., an organization offering
themselves as a sophisticated survey service primarily to utility
and municipal clients. The service employing their radar:equip-
ment and personnel,grids (10 foot intervals) an area such as an
intersection to obtain subsurface profiles of underground utility
lines. Attempts to obtain costs were not productive. o

HIGH RESOLUTION RADAR

Highway Research News, Winter 1973, carried an article on a radar
unit that could look down through concrete pavement. The developer
was Calspan Corporation in Buffalo, New York. Their equipment,
developed for the Army to detect non-metallic mines (plastic),

was quite impressive in its stated application to highways.

Though experimental, it had been tested successfully for its de-
signed purpose.
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The equipment is a high resolution short pulse portable radar capable
of "looking down" through concrete and several feet of soil. Anthony
V. Alongi, Staff Scientist at Calspan Corporation, was contacted

and he indicated that tests of the instrument show it has the capa-
bility to determine pavement thickness, depth of an asphalt overlay
of concrete, depth and position of reinforcing steel embedded in
concrete and location of voids beneath the pavement. The resolution
or accuracy is one eight of an inch to a depth of about 18 inches
.(see Appendix 'B'). He estimated the experimental model cost at
approximately $20,000 but believed that, on a production basis,

the price could drop to $15,000.

Calspan offered their services consisting of three days of data
gathering, two to three weeks for data analysis and a report on
their findings for a cost of $6400. However, Transportation Lab,
Office of Structures, and Maintenance representatives felt that

the cost was too high an amount for a demonstration of a piece

of equipment still ‘somewhat in the development stage, especially

in its application to highway engineering. If the equipment could
perform as claimed, it was felt the developer should be willing

to demonstrate it at his expense,

" GENERATE INTEREST

We contacted M, Lastra, FHWA Region #1, Elsmer, New York and de-
veloped interest to the point of generating a demonstration of

the Calspan equipment on the East Coast. The demonstration was
made to representatives of the New York Thruway Authority and FHWA.
A report documenting the demonstration was written citing its po-
tential application to highway activities, and a copy forwarded

to us, Appendix B, The report supported our feelings that the
development had an economical applicaton to the mudjacking opera-
tion, as well as having applications in construction, highway
maintenance and bridge maintenance areas. :

TRANSPORTATION LAB MEETING

A meeting was held at the Transportation Lab to determine if there
was enough interest to sponsor such a project. Representatives
from Transportation Lab (Concrete, Asphalt, Soils Mechanics, Geology
and Research Coordination units) attended. Also attending was

Guy Mancarti from Office of Structures Research and Development

and Bob Wilson of Office Engineer.

While some of those attending the meeting described disappointments
with other subsurface investigating devices and methods now avail-
able, the majority seemed to believe the Calspan device shows promise
and that such an instrument is also much needed if it can fulfill
the claims. :

C\M.PD W fastio.com


http://www.fastio.com/

ClibhPDF -

The consensus at the end of the meeting was that New York or some
agency closer to Calspan could evaluate it more ‘economically than
we; and that we limit our efforts to supporting research by others
and to obtaining more performance data from the military who spon-

-sored its development. The general feeling expressed by the group

seemed positive toward the idea, but negative toward Caltrans spend-
ing the money to try out the equipment. :

" FURTHER PURSUITS

The National Technical Information Service, Springfield, Virginia,

was contacted for information about the military performance with

no results. Through Calspan Corporation we contacted Mr. Louis
Mittleman, the contract administrator for U.S. Army Mobility Equipment
Command, Research and Development, Fort Belvoir, Virginia. He

held high praise for the Calspan instrument, because of its very
satisfactory performance for military use and the many other appli-
cations they found for it. He felt its rather simple design should
not be difficult to duplicate or manufacture. He envisioned a

cost as low as $10,000 once manufactured for broad use. Mr. Mittleman
said that while some aspects of the equipment are security classified,
he did not see any problem in using the instrument technology

for Civil Applications. '

Headquarters Maintenance solicited an opinion regarding the device

from District 07. Maintenance, who do the greatest volume of mudjacking
in the State. : _

Value Engineering personnel met with District 07 Maintenance and
presented the findings to date. They indicated that the eguipment
appeared, too sophisticated for Maintenance field personnel. Pres-—
ently, they are satisified with the current mudjacking operation
which apparently has been well developed. .

Through contacts with FHWA personnel who were interested in the
broad application of -non-destructive testing we found that several
somewhat related electromagnetic research projects were in various
stages of study and development. We contacted Stanford Research
Institute and Southwest Research Institute (SWRI) for a resume

of studies in this category. '

The Port Authority of New York and New Jerseyv has submitted an
unsolicited research proposal to the Federal Highway Administration,
Office of Research. The proposal, No. 1-75 May 1875, is titled
"Radar Evaluation of Concrete™ and requests financial support of
$30,000 for a field test and evaluation of the downward looking
radar developed by Calspan Corporation. We have sent a letter

to Mr. C. F. Scheffey, Director of Research, FHWA, Washington,

D.C. stating our supporting views in the need for this research.

www . fastio.com
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Dr. Tom Owen of SWRI, San Antonio, Texas is very knowledgeable

on the subject. He is involved in a research project for the State
of Florida to develop equipment that could detect large voids under
the roadbed resulting from subsurface hydraulic erosion. We were
able to get Dr, Owen to make a presentation in Sacramentoc on the
State-of-the-art of non-destructive testing technology.

STATE-OF-THE-ART PRESENTATION

The presentation was made here December 10, 1974. Personnel from
Transportation Lab (Concrete, Structural Materials, Geology, Pave-
ment and Corrosion units); Structures (Research, Construction,
Geology and Maintenance units); Highway Maintenance; Office of
Construction, and Office Engineer from Caltrans and three repre-
sentatives from FHWA attended, twenty-four persons in all. The
presentation was highly technical and apparently aimed at proving
the theory that it was technically practical to produce the equipment
to perform the functions applicable to highwavs as claimed by the
Calspan developers. His pitch seemed to be more toward obtaining

a research proposal from Caltrans than a state-of-the-art talk
we'd hoped for. In essence, he iterated that at the present time
there is no marketed equipment optimized to perform the specific
functions required in highway related fields. He also stated that,
while there is cconsiderable interest in this area, more development
is necessary. In Dr. Owen's opinion the high resolution, short
pulse radar is probably the best suited for our application over
the other techniques being researched at this time.

SUMMARY

The interim report byzArnott identifies two objectives in the mud-
jacking function of "restoring rideability”:

1. Elevate the ' sunken slab.
2. Reestablishithe base support.

The present procedure poses no problems in obtaining a precise
profile grade adjustment. There is, however, a problem in providing
a new base support to maintain the adjusted profile. This is evident
from the fact that 25% of the work requires readjustment every

one to five years. °The major factors contributing to the problem
are two unknowns.

1) MAGNITUDE OF PROBLEM
We do not know the magnitude of the problem (size and loca-
tion of void) to start with and once the sunken slab has

been restored to grade we are not sure that all of the
volids are filled.
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2) QUALITY OF SUPPORT MATERIAL

The supporting qualities of the mud are unknown since it
is necessary to-weaken the material for fluidity in an -
attempt to fill remaining voids without disturbing the
restored slab.

RADAR APPLICATION TO MUDJACKING

By utilizing the radar device mentioned previously a preventative
maintenance program could be undertaken. The size and location

of voids under the slab could be detected before structure failure
occurs. The corrective work could then be performed. A portable
radar unit could be used to verify that the voids were filled.
Advantages of this system are: 1) The number of holes to be drilled
would be reduced to only those necessary to fill the cavity. 2)

'Hot asphalt would be safer to use for the fill material as the

pumping pressure would not need to be as high as regquired for lift-
ing the slab. 3) The fill material used could be suited to the
size, shape and location of the cavity. 4) The supporting gualities
of the fill material could be improved as the pumped material would
not have to be as fluid as that now used.

CONCLUSION

Non-destructive void detection through high resolution radar tech-

-nology is not only possible but offers a very good economical poten-

tial in a wide variety of applications to highway work. Other
areas of use could be:

a. To measure pavement and subbase thickness

b. To determine overlay thickness, i.e., A.C. over concrete

c. To locate subsurface utilities, voids, erosions, boulders,
etc. .

d. To determine the location of steel in concrete structures

e. To detect and determine the parameters of deleterious mate-
rials such as mud balls in concrete pavements or structures

f. For soils investigations before, during and after construc-
tion :

g For condition surveys of bridge decks, possibly delamination

. and steel erosicn . '

h. To locate water cross—overs for landscape projects, i.e.,

plastic, vitrified clay, soil cement or asbestos transite

pipe

An instrument to perform this testing has not been marketed as
yet. The development has progressed to several experimental models
with a broad range of capabilities. The areas requiring further
development are equipment optimization for specific tasks and data
interpretation expertise.
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RECOMMENDATIONS

Mudjacking is now performed after failure of the structure has
occurred. The defined function to "restore rideability" to the
.sunken slab is performed by procedures adapted over many years.
Any improvement to the mudjacking operation should be through
resolving the following unknowns :

1.

2.

What is the extent of the problem?
Size and depth of the cavity?

Has adequate support been restored after mudjacking?

We belleve the key to these unknowns may lie in the radar instruments
and applications now being researched. With this technology the

unknowns could be resolved and many economies through a preventative

maintenance program could accrue.

This generally concludes the study effort by Value Englneerlng

on Mudijacking and no spec1f1c changes for cost reduction are offered.

However

1.

.2.

we will:

Continue to monitor research activities in the area of
non-destructive testing.

Maintain liaison w1th the contacts established under this

. study:

H—Calspan Corporatlon, Anthony Alongi.

~-Southwest Research Institute, Dr. Tom Owen and Sld Suhler,

——New York Thruway Authority, Bob Donnaruma.

-~-New York Port Authority, Ted Cantor. .

~-Federal Highway Administration, Cliff Pelton, Special
Studies Engineer, Arlington, Va.

—-Caltrans personnel that have been 1nvolved representing
Transportation Lab, Office of Structures and Maintenance.

As recommended by Bob Arnott, the Transportation Lab should
continue research directed at determining the cause of
settlenent ‘at bridge ends. However, we do not suggest

that a California-sponsored research project to improve

the supporting qualities of the mudjacking material be
undertaken now. The radar equipment could aid considerably
in this effort. Research on slab support material should

follow soon after the radar technology is perfected.
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12-20-73
by L. R. Arnott

- MUDJACKING INTERIM REPORT

This Value Engineering study has progressed into analysis of the
speculation phase and no promising alternatives have developed.

‘There is not enough information available to determine the appro-

priateness of the present procedures or the cause of ineffectual

_treatments.

This is largely because there is no opportunity for direct obser—
vation or measurement without investigative borings or windows
beneath the pavement. Experienced mudjack personnel operate on
visualization and speculation with little or no evidence to rein-
force their assumptions. . ‘

BACRKGROUNDS

The mudjacking function "restore rideability“ is divided into
two objectives. The first is to elevate the sunken slabs and
the second is to reestablish base support.

The present procedure seems well adapted for the precise profile
grade adjustment. This can be continually observed and controlled,
Providing an adeguate base support to maintain this adjustment

is where we are working in the dark. We have no positive method
to assure that the resultant voids have been adequately filled.

The Statewide yearly activity cost for mudjacking is $550,000.
In addition to this direct charge is the cost of traffic control
and a users cost in accidents and service loss resulting from
the lane closure.

Approximately 3/4 of the locations treated are satisfactory for
about 10 years. The other 1/4 reguire readjustment every one
to five years and this is where most of the demand exists. The
latter 1/4 are primarily at bridge approach slabs where profile
smoothness is most critical. '

It appears that numerous bridges constructed on the Interstate
program have inherent approach fill problems. As these settlements
begin to appear we can anticipate an increased demand for mudjack-
ing unless the treatment can be made more permanent.

- OPERATION

In the approach slab adjustment observed by Value Engineering‘ .
the pumping was done in the a.m. and drilling at the next location
done in the afterncon. This provided maximum cure time before
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traffic loads wére'imposed on the new grout.,

Holes were drilled about two feet deep to get grout introduced
below the cement treated base., It is preferable to have the
stronger cement treated base under the pavement and the weaker
grout below the cement treated base. The grout, however, enters
-whichever layer it can separate the easiest and begins it's lift-
ing pressure. : .

A stiff grout is used to raise the slab which is a delicate oper-
ation requiring precise control to keep the slab from raising
too high or raising the adjacent slabs or shoulder.

After the slab is raised, more water is added to the grout to
promote flow into resultant voids without further raising the
slab. Once raised and free from interlocked joints the slab can
be raised with less than one pound per square inch.

Reestablishing support is the area where the method and materials
do not seem compatible with the intended function. Holes used

to raise slab are lined with partially set mud that resists in-
troduction of the filler material. The minimal strength grout

is further weakened by additional water which increases the water-
cement ratio, the shrinkage and the initial set time., All three
‘are detrimental to the only function of the filler material which
is to permanently maintain the slab position.

* CONCLUSION

An apparent solution is changing to a filler material that is
more fluid, faster setting, more dense and stronger. The probable
cost of added equipment, training and other implementation consid-

erations, however, is difficult to justify without some evidence
that this is the cause of treatment failures.

Continuous settlement of approach slabs may be caused or contributed
to by numerous other actions. Subsidence, £fill settlement, migra-
tion of base or fill material and movement of abutment or wing
walls are all possibilities that no filler material would correct.

Introducing another filler material under all sunken pavement
would-be only continuing the "hit and miss" results we've been
experiencing. An investigative approach incorporated with the
present operation would provide some basis for conclusions that
are now almost completely speculative.

The physical testing and measurement of such an investigation

appear to be beyond the scope and capacity of Value Engineering
perscnnel. '

ClibPDF - www fastio.com
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RECOMMENDATION

The Transportation Laboratorj commence a research project to:

1) Determine the cause of continual settlement at bridge ends
and

2) Measure the physical properties of presently used materials
to improve their performance life.

The scope of the study should be envisioned by and approximate
cost of about 10% of the yearly mudjacking cost or $75,000.

District 07 with the most varied and progressive experience should
collaborate in selecting control sites and monitoring costs and
performance.

The prime objective of this research project would be to improve
the permanence of the restoration. 1In the course of this pursuit
also: .

1) Identlfy cause for repeated mudjack adjustments.

2) Accumulate costs at sample repetitive locations.

3) Measure effectiveness of present procedure and materials.
4) Examine plausible alternatives.

To be comparable to the presently used filler support material
any substitutes considered should:

1) Be capable of introduction with no more traffic dlsruptlon
than is presently used.

2) Have initial fluidity to flow into small voids without
pressures that would raise the slabs.

3) Set up to resist deformation from traffic loads within
2-4 hours.

4) Precisely £ill and maintain the void volume with minimum
shrink or swell.

5) Have ultimate compressive strength of cement treated base.
(500 to 750 psi) ,

6) Resist deterioration from long term soaking and high velocity

: water erosion.

Other desirable properties would be:

1) Controlability for precise slab raising so crews still have
only one material to handle,

2) Non-compreSSLble - s0 change in pressure will not result
in significant volume change in either the fluid or solid
state.

3) A mixture pot life of 2-3 hours.

4) That existing equipment could be utilized in its operation.

5} An impermeability that could serve as a subsealant.

CM»M)e—wmm/hs\O(om
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MUDJACKING MATERIAL

The grout material ‘presently used is a mixture of natural fines
or talec, diatomaceous earth, plaster of paris, cement and water.
The general recommended proportions are in the work standards.

Cost of a new automatic pump truck is $55,000.
Cost of the ingredients is about $12 to SlG/CY.
The pumped in-place cost is about $145/CY.

The material is premixed far in advance of introduction of water
and pumping. The cloddinhg-up of material indicates that the mois-—
ture in the aggregate causes some prehydration of the cement hours
before pumping takes place.

Following are some questions concerning the appropriateness of
the grout and its.:use.-

Is grout mixture designed to facilitate the operation and equip=-
ment without regard to function accomplishment? Since fine clayey
aggregates aren't normally compatlble with cement for concrete

strength.

Is this clayey aggregate used only because it is cheap ($5/CY)
or because better material can't be pumped?

Could an addltlve substltute the lubricative function of the clay
and excessive water? The 50 to 100 gal/CY of water occupy 6 to
12 cubic feet of the 27 cf/CY and probably shrinks considerably
in curing.

How much available strength is lost by premixing and pre-hydration
of cement?

Could revised procedurejinsure that cavities are filled with grout?

Does material set-up sufficiently to resist deformation and inigration
from traffic 1oaas°

Does this grout have enough compressive strength or durability

to expect even thin layers to provide the base support of cement
treated base? Components of this grout have characteristics similar
to materials that are rejected as "unsuitable material" for use
within 2.5 feet of grade by construction practices.

Might large volumes of this grout actually be the most unstable
portion of an approach £i11?

v
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acceleration to a comfortable level. The combination of forward and g
movement produces an acceleration at the end of which the platform
smoothly into the main high~speed transport zone, where they ar
ing at up to five times their entry speed. In the high-speed z
straight and which can be of any desired length to suit the

urved decelera-

Me before the platforms
system is reversible,

on both sides and this is
edge of the platforms. A mov-
e ig fitted on top of the balustrade.
bnstant-speed zones that approxi-
gatorms in that zone.

old the handrail, which moves at exacily
Pon which they stand, As they begin to accel-
¥ the handrail in the same position, but their hand
;. fhey are then moving slightly faster than the hand-
's arm position has become uncomfortable, he has

on of the handra;l and can readily transfer to it. In the

Sliding of the platforms takes place again as they ente
tion zone and there is a short straight ccnstant spe
pass through the exit combplate. The directio
The unit is fitted with a conventional bal
curved at entry and exit to follow the line g%
ing rubber handrail of conventional appafes
This handrail is divided into a ser
mately match the mean speed of
Passengers entering the syaf
the same speed as the platjg
erate they can continue
begins to move ba.ck

ther details of the system can be obtained fro:n the Manager, Speedaway
Mems, Dunlop Limited, Transportation Systems Division, Denbridge In-
Rustrial Estate, Oxford Road, Uxbridge, Middlesex, England.

Pavement Thickness Measured, Voids Detected
By Downward-Looking Radar in New York Test

A high-resolution radar has recently been employed by the Calspan Corpo-
ration of Buffzlo, New York, to look through a pavement section of the New

36
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NEWS
York State Thruway. The radar was employed at a test site on a section of

Thruway recently closed for repairs. Anthony V. Alongi, Program Manager
responsible for the development of the radar, said that the test results indicate
the instrument has the capability to determine pavement thickness of the sur-
face blacktop and thickness of the subsurface concrete and has located the po-
sition and depth of reinforcing rods imbedded in the concrete. The instrument
has also located voids beneath the pavement.

The system employed for these tests consists of a low-power, short-pulse,
high-resolution radar developed originally for the U.S. Army. Calspan's ci~
vilian version of the equipment would emit, each second, more than one mil-
lion pulses, each about one billionth of a second long. A battery-powered
portable version of this system weighs less than 20 pounds and employs a
constant-flare-angle variable-width open-horn antenna developed especially

SURFACE OF BLACKTOP

BLACKTOF COATING s
¥
CONCRETE A v T 4" TO 15+
v L a &
o] o] o .

5/8-inch-DIAMETER REINFORCING RODS 4" 7O 5"
y.3

CRUSHED-STONE FILL

Figure 1. Cross section of bridge approach, north side, northbound bridge, Wehrle Drive and New
York State Thruway, near exit 50.

B8LACKTOP SURFACE

rTOP OF CONCRETE

|

VERTICAL SENSITIVITY: 200 mV/cm
HORIZONTAL AXIS: 1 ns/cm

Figure 2. Data taken on bridge approach, northside, northbound bridge, Wehrle Drive and Thruway.
Blacktop coating 4 in. thick on top of 10 in. concrete, with 5/5 in. reinforcing rods placed approxi-
mately at center of concrete. ’
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BLACKTOP SURFACE

—— TOP OF CONCRETE
a" -I

VERTICAL SENSITIVITY: 50 mV/em
HORIZONTAL AXIS: 1 nt/cm

'——G" 4" TO 5"

B5/8-inch-DIAMETER STEEL ROD BOTTOM OF CONCRETE

Figure 3. Data taken on bridge approach, northside, northbound bridge, Wehrle Drive and Thruway.
Blacktop eoating 4 in. thick on top of 10 in. concrete, with sl, in. reinforcing rods placed approxi-
mately at center of concrete. .

~g— APPROXIMATE POSITION
OF RADAR ANTENNA

SURFACE OF CONCRETE
CONCRETE ROADWAY SLAB ‘ f

BOTTOM OF SLAB
: 5/8-inch-DIAMETER
FILL voID ) REINFORCING ROD

Figure 4, Void under concrete roadway slab.
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Figure 8. Radar return of void under concrete roadway slab.

for this radar. The radar is normally held approximately % foot above the
ground and employs an oscilloscope display that is stabilized by means of a
soil locking cireuit that makes the system insensitive to antenna height vari-
ations, Pavement thickness measurements are made posgible by the fact that
the various layers of highway substructure represent electrical discontinuities
to the radio frequencies employed by the radar. These discontinuities give
rise to radar reflections or echoes that are then presented on an oscilloscope
display. It is believed that pavement thickness measurements may be made to
within % inch. : .

Experimental highway pavement results are illustrated in the accompanying
figures. Figure 1 is a sketch of the cross section of the New York State Thru-
way test site. The radar oscilloscope display showing the response of the high-
way pavement is shown in Figure 2, The first and sirongest radar response
occurs from the surface of the blacktop followed by the response arising from
the interface between the blacktop and concrete surface. The amplitude of the

.Tadar response is represented by the vertical displacement on the radar oscil-

-loscope while the subsurface depth is represented as a displacement along the
horizontal axis of the radar oscilloscope. Figure 3 shows the radar response
at.the same fest site with the amplitude sensitivity of the oscilloscope increased
by a factor of four. The radar response can be clearly seen arising from the
biacktop-concrete interface and from the tie rods imbedded in the concrete and
from the bottom of the concrete. It was observed during these tests that some
of the rods varied in depth on the order of 1 inch, Thickness estimates to
within an eighth of an inch may be possible with this system. Figure'disa
sketch of a second New York State Thruway test site at a ramp approach toa
bridge overpass. The radar was positioned at a location where the soil is just
‘beginning to separate from the concrete roadway slab. The air void is clearly
detected, as shown in Figure 5.

Calspan plans to make this equipment available shortly for civilian use.
Further information may be obtained from Anthony V. Alongi of the Calspan
Corporation, P.O. Box 235, Buffalo, New York 14221,
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- CalspanNews

Information on Developments at Calspan Corporation
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Radar Developed For ‘Looking Down’

A portable radar capable of “looking
down” through concrete and several
feet of soil has been developed by
Calspan Corporation for various uses,
from detecting buried objects to moni-
toring the subsurface conditions of
highways.

The penetrating radar was developed
in association with the Mine Detection
Division, Countermine Counter Intru-
sion Department, of the U, §. Army
Mobility Equipment Research & Devel-
opment Center at Ft. Belvoir, Va.

Anthony V. Alongi, staff scientist
from the company’s Electronics De-
partment, said the system can be used
to locate and signal the presence of
such buried objects as plastic mines,
human bodies, and underground con-
duits.

“The nature of the radar return
distinguishes these substances from
each other and from such natural
subsurface formations as rocks and
boulders,” Mr. Alongi reported.

“It measures their size and depth-
below-the-surface within a few inches,
éhus;’telling precisely where and howto*

ig. -

An Army announcement said the
experimental equipment supplied by
Calspan “has demonstrated excellent
potential in the field tests.” The Army
has wanted such equipment since the
development of plastic mines, which
contain no metal and therefore cannot
be spotted by conventional mine-
detectors. Such mines, which are
inexpensive to manufacture, caused
many of the U. 8. casuslities in
Southeast Asia.

One major civilian vse will be to
map the exact location and depth of
underground conduits, sewers and
water lines, whether encased in metal

or plastic, and as small as 2 inches in
diameter.

The equipment was used recently
in the Buffalo area, for example, to
measure the extent of deterioration in
the cap of a concrete column support-
ing an overpass on the New York State
Thruway. Deterioration proved to be
very severe.

Calspan also developed, in associa-
tion with the Army, a one-man version
of the radar system weighing less *han
20 pounds {see phoio).

i

Staff Scientist Anthony V. Alongi
displays a one-man portable version
of the radar system as it “looks down”
into the soil,
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| ‘ IeWS Calspan Corporation PO.Box 235 Bulfalo. New York 14221 {Formerly Cornell Astonauti 1l Lot oy “a -

For further information ‘call:
(716) 632-7500

Anthony V., Alongi, Ext 433
3$€

FOR IMMEDIATE RELEASE

BUFFALO, NY --- A portable radar capable of "looking dowﬁ" through
concrete and sevéral feet of soil has been developed here by Calspan Corporation
for various uses, from detecting buried objects to monitoring the subsurface
conditions of highways.

The penetrating radar was developed in association with the Mine Détection
Division, Countermine Counter Intrusion Department, of the U. S, Army Mobility
Equipment Research § Development Center at Ft. Belvoir, Va.

Anthony V. Alongi, staff scientist from the company's Electronics Department,
said the system can be used to locate and signal the presence of such buried

objects as plastic mines, human bodies, and underground conduits.

RW:49/73
- more -
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CALSPAN - Add One

"The nature of the radar return distinguishes these substances from each
other and from suéh natural subsurface formations as rocks and boulders,"
Mr. Alongi reported.

"It measures théir size and depth-below-the-surface within a few inches,
thus telling precisely where and how to dig."

An Army announcement said the experimental equipment supplied by Calspan
"has demonstrated excellent potential in field tests." The Army has wanted
such equipment since the development of plastic mines, which contain no metal
and therefore cannot be spotted by conventional mine-detectors. Such mines,
which are inexpensive to manufacture, caused many of the U. S. casualities in
Southeast Asia.

"Calspan is utilizing Army equipment to invéstigate the feasibility of
applying this radéf technique to a number of difficult and very important
civilian functions,™ pointed'out Mr. Alongi, manager of the company's Radar
Mine Detection Pf@gram{

"One major uSe wiil be to map the exact location and dépth of underground
conduits, sewers ;nd water lines, whether encased in metal or plastic, and as

‘small as 2 inches_in diameter.

"This is particularly valuable in reducing digging at busy street
intersections, where the lines may have been buried at varied times over a
period of many yeérs, and not always in the locations where the old city
maps say they wefe supposed to go.

"Concrete is, in effect, trénsparent,for the radar. We have traced
plastic pipes through and behind concrete walls. Lodking down through a
concrete highway, you can pick up the tie rods beneath. Also any voids

in the subsurface caused by the underside of the concrete leaching away

or hidden water undermining part of the roadway's foundation.

- more -
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CALSPAN - Add Two

Mr. Alongi said a version of the radar with multiple antenna horns,
carried on a vehicle, could easily be built to monitor the subsurface condition
of major highways. '"Cruising at 60 mph, it could be used to guide routine
‘maintenance, or survey entire highway systems for hidden weakened spots in

areas where major flooding has occurred.”

‘Calspan has also developed, in association with the U, S. Army, a one-man
version of the radar system weighing less than 20 pounds. Straps over the
operator'’s shoulders support a 10-foot-long horizontal boom. The antenna
horn is mounted vertically at the -end of the front half of the boom. Batteries
and transmitter are in ar‘bala.ncing box at the back end of the boom. The
equipment can be set to produce a video signal--visible on the screen of a
small oscilloscope on the operator's chest--or an audio signai heard in his
headphones.

Detection is made possible by the fact that every discontinuity in the
soil--even a change from one density to another, or wet to dry--is accompanied
by a change in electrical properties. As the radar signal penetrates the soil,
part of its energy is "bounced back" in telltale fashion from each such change.
Characteristics of the returned signal relate to the nature of the surface which

~reflected it.

- more -
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CALSPAN . Add Three

Calspan's civilian version of the equipment would emit, each second,
more than 1 million puises, each about 1 billionth of a second long. The
antenna developed by Calspan is a constant-flafe-angle variable-width open
horn. The system empléys a soil lock circuit, which presents a stabilized

_display despite antenna height variations.

""Although militafy yersions ére intended primarily for objects buried no
more than a foot or two; we can ﬁ;ke tradeoffs--in the very precise
resolution we now havg; for examgle--which will permit penetration to many
feet for civilian profgcts," Mr. Alongi said.

Among these may be the location of bodies buried in soil, a severe problem
in law enforcement for which no satisfactory technology has existed. Current
methods include probing the soil yith rods and digging up what appear to be
recently-disturbed aréés--én uncé}tain and time-consuming process.

In & recent test, Mr. Alongi reported, the body of a 50-pound collie dog
was buried 10 inches c}éep in sandy loam. The radar sigﬁals established the
exact positions of Hisihead, chest cavity, rear legs, and tail,

Ways are under coﬁsideration for making body-finding equipment available
to law-enforcement agéncies, Mr. Alongi said.

This radar program is another example of civilian spinoff from a Research
and Developmént Program conducted for the Department of the Army. Calspan, formerly
Cornell Aeronautical ﬁaboratory, is an independent engineering organization

conducting research and development for government agencies and industry.

- more -~
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A SHORT-PULSE HIGH-RESOLUTION RADAR
FOR CADAVER DETECTION

By

Anthony V. Alongi
Calspan Corporation
(Formerly Cornell Aeronautical Laboratory, Inc.)
Buffalo, New York 14221

ummary. This paper describes the design investigation of a short-pulse high-
resolutlon radar for detecting nonmetallic subsurface objects and its applica-
tion to a severe problem in the field of law enforcement: the finding of bodies
buried in soil.

There are available numerous useful subsurface metal detectors. (for
both ferrous and nonferrous objects); however, these are generally incapable
of satisfying present needs, which have spread to include objects that are non-
metallic in nature, both organic and inorganic. The system described herein
has been under development for several years and has been designed to fill this
need, Its application to the area of law enforcement in the quick and efficient
detection of subsurface, nonmetallic objects, including buried bodles, is dis-
cussed.

Subsurface object detection by a high-resolution radar is accomplished
primarily by transmitting a very short pulse, receiving its (much weaker) reflec-
tion from the target object, and presenting information on the time delay and
change of pulse shape between the original and the reflected pulse to a human
observer or to suitable automatic recognition circuitry. The transmitted signal
mst have a sufficiently large bandwidth to permit separation in range (i.e.,
time) of the very strong soil surface return from the much weaker subsurface
object return. To design a useful radar system, it is necessary to determine
the best compromise between the operating band of frequencies, soil attenuation
and dispersion, and realizable wideband hardware components.

We have successfully designed, fabricated and tested several systems
against a variety of buried "targets." Detection and identification of these
objects, including the body of a dog, have occurred at depths ranging from one
foot of cover in heavy clay to several feet in dry sand. Experimental data
demonstrating these observations are presented in this paper.

‘ The research and development on the high-resolution, short-pulse radar
has been conducted for the U. S. Army Mobility Equipment Command, Fort Belvoir,
Virginia, under Contract No. DAAK02-69-C-0149.
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“Introduction

This paper considers one problem that law enforcement agencies occa-
sionally face: locating human cadavers {usually victims of a criminal act)
buried in shallow graves. Conventional techniques such as probe and dig may
be quite laborious and time consuming and frequently require the invasion of
private property. Offered for consideration herein is the use of a lightweight
high-resolution radar designed to probe the soil subsurface electromagnetically
and to detect buried cadavers by a relatively simple visual display which does
not require the disturbance of the earth. A practical electromagnetic tool for
subsurface probing must be readily man-portable and must present its information
in a simple, easily interpretable form. We have been engaged for several years
in the development and evaluation of tools of this type and believe that the
equipment we have developed is easily adaptable to law enforcement needs.

A buried object, metallic or nommetallic, organic or inorganic, usually
represents a discontinuity in the electrical properties of the subsoil. This
discontinuity of the relative permittivity gives rise to a reflection of illu-
minating RF energy. The soil subsurface will also give rise to a (usually much
stronger) reflection of the illuminating emergy. A high-resolution radar, one
that can resolve targets spaced a few inches apart, may then resolve a shallow
buried target from the surface return. Deeper buried targets will give rise
to signals better separated in time from the surface return; however, they will
suffer from greater signal attenuation as a function of soil conditions. Signal
attenuation may be reduced by employing lower frequencies; high resolution,
however, dictates the use of a wide bandwidth of frequencies. The problem of
buried object detection with a high-resolution radar is then primarily one of
transmitting a signal of sufficiently large bandwidth that will permit separa-
tion in range of the very strong soil surface return from the much weaker sub-
surface object return. To accomplish this objective, it was necessary to deter-
mine the best compromise between the operating band of frequencies, soil attenua-
tion and dispersion and realizable wideband radar hardware. We have examined
both the direct short-pulse and the wideband FM/CW methods. We have previously
shown both methods to be essentially equivalent mathematically; our investigation
was directed toward assessing practical differences of instrumentation, economics,
size and weight, -

Radar Design Investigations

To establish system design requirements for the high-resclution radar
system, it was necessary to determine the effects of radar components, soil
and target on the signal to be detected. A computer analysis was performed by
obtaining the Fourier transforms (both amplitude and phase) of the transmitted
pulse, the air-soil interface, the soil subsurface, the target and the radar
receiver and antennas. These were combined in a cascade fashion and employed
in parametric computer studies to determine a desirable range of design param-
eters. The computer results indicated that high resolution is a valid approach
in separating the soil surface from the subsurface target return, provided great
care is taken in minimizing the unwanted range sidelobes which plague any high-
resolution system. By parametrically varying the pulse bandwidths, it was pos-
sible to determine the minimum required bandwidth that will still provide range

2
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separation between the surface and subsurface target returns., This considera-
tion is important in system design, since octave bandwidth components having
linear phase and amplitude response are within the state of the art, while
multiple-octave components generally are not. For the pulse system, the trans-
mitter waveform is approximately a single cycle of 1-GHz energy (l-nanosecond
duration) with a pulse repetition frequency greater than 1 MHz. For the FM/CW
system, a 0.5~ to 2.0-GHz RF Sweep source was also developed. Our design investi-
gations indicated that pulsed systems can be made more compact in size and weight
than the FM/CW in Present-day state of the art and are thus better suited for
lightweight, man-portable systems. The data output is stable and more easily
interpreted by the average operator than that of the FM/CW; therefore, develop-
mental efforts were concentrated in this direction.

We have designed and evaluated several forms of wideband nondispersive
antennas in this radar development. These include an arc sine exponential open-
sided horn, a multifilar spiral, and a constant-flare-angle variable-width open
horn. The latter type was considered the most suitable for use as part of a
short-pulse high-resolution radar and is the one pPresently in use.

A generalized system description of a short-pulse system is presented
in Figure 1. Figure 2 is a sampling oscillograph recording of the short pulse
(approximately one nanosecond long and consisting of one cycle of a sinusoidal
signal) which is transmitted to provide the high range resolution required for
this system. Reflections from buried targets illuminated by the transmitter
are received and detected using a sampling technique. The sampled output is
displayed and provides an A-scope presentation--signal amplitude as ordinate
against time as abscissa--of the actual signal waveform received over a short
time (or range) interval. The time interval displayed is approximately 10 nano-
seconds; individual targets in this range are visually detected from the display
presentation. In free space (open air), this 10-nanosecond interval corresponds
to approximately 60 inches; in subsurface media, the same 10 nanoseconds repre-
sent a distance ranging from 30 inches for dry sand (€r=4) to approximately
13 inches for very wet soil (€ ,=20).

An early version of a short pulse radar system appears in Figure 3,
This system weighs approximately 30 pounds and consists of three main subassem-
blies: (1) two antennas, (2) display, transmitter and receiver module, and
(3) battery pack and associated control electronics module. The use of separate-
receiving and transmitting antennas is called "bistatic" in radar terminology;
if a single antenna is used for both purposes, the radar is called a "monostatic!
radar (Figure 4). A monostatic man-portable high-resolution radar is shown in
operation in Figure 5. Both systems employ a soil lock circuit, which presents
a stabilized display despite antenna height variations resulting from operator
motion. As many as eight hours of operation are possible before recharging of
the battery pack becomes necessary.
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' ExPefiﬁentél Results Derived from Buried Objects

Metallic Flat-Plate;Tests

This subsection presents experimental results derived with the bistatic
and monostatic short-pulse radars. Since both systems have been assembled with
almost identical electrical performance characteristics, results shown are applic-
able to either system. The first series of photographs depict the radar response
obtained from a six-inch-square flat metallic plate buried at depths of two,
four, six and eight inches in clay soil of approximately 4 percent moisture con-
tent (Figures 6 through 9). These measurements were performed with the early
bistatic radar in a soil of known constituency on Calspan property. The faint
vertical pulse located on the 2-cm line from the left edge of the graticule is
the soil return, and the signal return from the buried metallic plate appears
displaced to the right of the surface return. The time displacement increases
for increased plate depth. In all photographs, the vertical scale is 25 mV/cm
and the horizontal scale is 1 ns/cm. Table I presents the radar-measured time
.delay in nanoseconds as a function of plate depth and the calculated time delay
based on knowledge of the relative dielectric constant for clay (€. =2.8) at
4 percent moisture. The velocity in the soil is given by:

’VS = c/Ve, = 0.178 meters/nanosecond

where ¢ = velocity‘of light in meters/second; thus, the time delay is given by

1
+t = g ——

where d = the depth.in meters. It can be appreciated that a slight variation
in €, would shift the values correspondingly.

The measured values of time delays are visually determined by noting
the position of the positive peak value of the signal return from the buried
plate and measuring the distance to the center of the positive peak signal rep-
resenting the surface return (located 1 cm from the left edge of the graticule).
Note that the width of the oscilloscope trace is on the order of one-tenth
nanosecond. With this limit to reading accuracy, there is very close agreement
between calculated and measured time delays.

Styrofbam Block Test

The previous test demonstrated the response of the radar against buried
metallic targets. Figure 10 shows the radar response for a buried styrofoam
block, which was 9" x 12" x 6" and was buried 7 inches deep, with the upper face
horizontal. This response illustrates the capability of the radar to detect
holes in the ground. Styrofoam, for all practical purposes, approximates the
dielectric constant of air. This type of response would be encountered in buried
cadavers and would arise from regions corresponding to the chest cavity.
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Cadaver Tests

The body of a Collie dog, ~ 30 inches long, 7 inches thick and weighing
~50 pounds, was obtained shortly after his death. This specimen would approxi-
mate a rather small human cadaver and would therefore represent the more difficult
types of targets to test. The dog was buried ten inches deep in sandy loam at
the Calspan Test Lane Facility. The signals obtained from this target are gen-
erally the same level as those obtained from the previous targets. Figure 11
shows the position in which the subject was buried prior to being covered with
10 inches of soil, The test lane stations referred to in Figure 11 are the
distances in feet and inches along the test lane in the direction of antemna
travel.

Figure 12 is the radar response of the soil alone before burying the
dog. Note that the soil surface return occurs on the l1-cm graticule mark and
is approximately 800 mV peak to peak. Figure 13 shows the radar response of
the dog. Note that the response of the dog occurs between the 5th and 6th cm
graticule marks. The signal amplitude is greater than 100 mV peak to peak,
The antenna of the monostatic radar is located over the chest cavity of the
dead dog. Figure 14 shows the radar response when the antemnna is located at
the 25-foot 9-inch station, which corresponds to the edge of the hole and the
dog's head. The soil surface return still occurs on the l-cm graticule mark;
the effects of the hole show up on the left half of the radar display and the
response from the dog's head and neck show up on the center portion and right
side of the radar display. The chest cavity in Figure 15 shows a very strong
return occurring between the 5th and 6th cm of the radar display. This type
of response is characteristic of the return from most of the dog's body. Figure
16 was obtained with the antenna located over the rear half of the dog's body.
A strong radar signal ret similar to that obtained from the front half of the
dog's body is obtained., Figlre 17 is the return obtained from the 28-foot 3-inch
station. This response is obtained primarily from the dog's rear legs and tail.
The edge of the hole is beginning to show in the radar display. Figure 18, taken
at the 29-foot 3-inch station, shows the effects of the edge of the hole. Moving
the radar further down the test lane would give results of the soil return alone
and identical to that obtained in Figure 12.

These experiments demonstrate that a man-portable high-resolution
radar may be employed as a practical means of detecting buried objects. The
holes made by disturbing the natural soil are also detected, even through they
have been filled and covered with an appreciable amount of soil fill. Animal
bodies or cadavers may be easily detected. By scanning the radar antenna
laterally and longitudinally and noting the corresponding signal response, a
fair estimate may be made of the size of the burial cavity. Detections may be
made by observation of the radar response on a visual display (A-scope), with
an operator having only a short period of indoctrination.
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3 EXPERIMENTAL BISTATIC SHORT-PULSE RADAR

Figure

wivw.fastio.com

ihPD

C


http://www.fastio.com/

TRANSMITTER

1

PRF
SAMPLING
GENERATDR RECEIVER

TARGET
INDICATOR - DiseLay

SOIL RET
TRANSMITTED ETURN
SIGNAL TOP OF
TARGET
BOTTOM OF
TARGET

- A‘A"M ——
NV vpical DispLAY |
OF RECEIVED

WAVEFORM
{NOT TO SCALE)

[..—_ RANGE smw_.{

ANTENNA

[

AIR-SOIL INTERFACE

4
ARV

\d

MR RTT TR R TR TSN

SOIL-TARGET -
INTERFACE N NN NN TARGET UPPER SURFACE
N
N ) \
TARGET-SOIL NN AR
INTERFACE —™ ™ - TARGET LOWER SURFACE
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Figure 5 EXPERIMENTAL MONOSTATIC SHORT-PULSE RADAR
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Figure 7 SIGNAL RETURN FROM FLAT PLATE AT DEPTH OF 4 inches
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Figure 9 SIGNAL RETURN FROM FLAT PLATE AT DEPTH OF 8 inches
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‘ N CALSPAN
28 27' 26’ 26" 3" TEST LANE
STATION

Figure 11 COLLIE DOG: 30" LONG, 7 THICK, WEIGHT 40 pounds. TO BE
COVERED WITH 10” OF SOIL. DOG DEAD ~ 4 hours.
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VERTICAL SENSITIVITY: 100 mV/cm
HORIZONTAL SENSITIVITY: 1 ns/em

SOIL SURFACE RETURN

Figure 12 SOfL SURFACE RADAR RETURN SIGNAL BEFORE BURYING DOG.

SENSITIVITY: 100 mV/em
TIME: 1 ns/cm

RADAR RETURN AT 26'6” STATION:
SOIL SURFACE APPROXIMATE LOCATION OF CHEST
RETURN CAVITY OF DOG'S BODY

Figure 13 RADAR RESPONSE OF A DOG’'S BODY
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SOIL SURFACE RETURN

Figure 14 25' 9" STATION. EDGE OF HOLE: DOG'S HEAD,

SENSITIVITY: 20 mV/em
TIME: 1 nsfem

SOIL SURFACE '
RETURMN CHEST CAVITY

Figure 156 26’ 4” STATION. FRONT HALF OF DOG'S BODY.
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SENSITIVITY: 20 mV/ecm
TIME: 1 ns/cm

SOIL SURFACE RETURN REAR HALF OF DOG'S BODY

Figure 16 27° 6" STATION. REAR HALF OF DOG'S BODY,

VERTICAL SENSITIVITY: 20 mV/em
E TIME: 1 ns/em

REAR LEGS AND TAIL

EDGE OF HOLE
SOIL SURFACE

Figure 17 28" 3" STATION. DOG'S REAR LEGS AND TAIL.
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Figure 18 29’ 3" STATION. PAST SUBJECT AT EDGE OF HOLE.

Table I
TIME DELAY vs PLATE DEPTH
(DRY CLAY: 4% MOISTURE CONTENT)

. MEASURED
PLATE DEPTH TIME DELAY CALCULATED TIME DELAY

{in} K (ns) {ns)

2 0.5 0.566

4 1.1 1132 -

6 1.8 1.7

8 2.1 .26

16

VERTICAL SENSITIVITY: 20 mV/cm
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NEW YORK STATE THRUWAY AUTHORITY
Inter Office Memorandum

Filen May 28, 197)
B (o OSSN DATE:................. ettt y
v« H. Clark, III, P. E. Calspan Corp.
FROM:. ..ot s e SUBJECT:..... High Resclution Radar....... ...
- Laat yesr, Calspan utilized tso Thru.ay bridge rehabdlitation projects

in the Buffalo area for testing the performance of their ground psmetrsting
. militery radar on Portlasnd Cement Pavements. This cork was performed
’ informaily sc far as the Thruvay iuthority 1s concerned. However, the
pavement relzted tests sere reported on in the “High.ay Research News,
Rumber >3, ‘inter 1973." Interpretation of this dsta «as facilitated
by an oxisting excavation through the psvement in cuestion, .hich
alloved physicsl measurements of thicknesses, reinforcing and voids «hile
performing the temts. Ctiher gources such es the "Calspan Nesa” related
to uaine the ecuipment to mer-ure the extent of concrete dstarioration in
2 bridge substructure element. Calspan did not record any data for this
test and since deterioration :ss obvicus, @ can not vouch for the accuracy
of the radazr in this appiication.

On May 22, 1774 A. C. Domnarums, F. J. 3chork, M. M. Lsstrs (FH«A
degion I Materiars Ingineer); and I met .ith Mr. fnthony V. Alongi of
Calspan Corporstion concerning the High Resolution Redar deweloped by
Calapan for the Army. ‘e Lad been receiving numercus incuirdes sbout
thie device from 3tate Highuay Departments and privete testing labs
because of the HRB article, and in order to evoid further embarassment
had invited curselves to Calspan to be educated. Belox is a summary
of the device and my comments:

ispan siarted resesrch on this zevice in 1966 as an instrument
to detect non-metelic antl-vehicle mines, (plastic or wood case, plastic
pregsure detonator, snd plastic explosiva). Mathematical modeling wvas
used 10 determine the frecuency and band -idth needed to detect such
mines in socil. Considerable experimentation .28 recuired to eliminate
false surface echos from the eiges of the radar besm.

Tbe racer unit scans on volume in normal solids 13' wide x " lemg
to about 3" deep. Dry scils and meterials such ss saphalt concrete or
portland cement concrets slio. deeper penetrstion of the radar. It can
resolve objects more than ¢ inches apart and locizte to - 1/8 inch depth
in homogeneous materisl - ag. it could be used to determine thickness
of concrate pavement. DBecuuse cf its short pulse (& 5 MH sine -ave 10-9

. %8¢ period gensrated swery 20C nano seconds) it is possible to have &
’ very rapid scen (1UC or 10CC scans per second) thus the potential of a
pavement scan at pormal traffic speeds, say 60 a.p.h. In addition, sny
. nuaber of units might be used to increase scan :ddth. The Army
demcnsirator used 3 units for about a 4O inch scan. For emglneering
spplicstioms, cutput could be fad into s magnetic tape recorder and a
computer used to plot and analyze the data.

ClihPDF - www .fastio.com


http://www.fastio.com/

C



http://www.fastio.com/

l’ilo.u . 2= May 28, 1974

Any change in dialectric constant (density, moisture, material, etc.)
will cause an echo on the screen. The sharper the change the more sharp
is the szignature. Attached is a chart repressnting 100 £t. of a test
strip with plastic targets buried in a gravel road (the soil surface echo
i3 scaled out, besides the cbvious targets note the variation in soil
denaity in the road). The chart represents & scan 13" width by 18" deep
fram & moving wehicle.

In addition to the Army Mine Dedection Division, Jouthwest Resesrch
Corporstion presently has cne finished unit under evaluation for soils
¢ testing, The unit we saw in operation was a "bread board" model. The
. Calspan Unit successfully located pipe (about 133" dismeter) 18 inches under
& concrete pad, reinforcing in concrete below 2 3" asphalt topping, aad
reinforcing in a2 concrete test slab. Besides locating reinforeing mat
depth, it should be sensitive to delamination at the reinforcing lsvel
although this evaluation has not been attewpted. It can detect woids
- under pavement and variation in subgrade moisture.

The device which emits about 1/10 the power of s police speed measurs-
ment radar does nct require licensing as far as we know. In addition, it
will not interfere with T V or radic reception.

Based on the demonstration and Mr. Alongli's explanation of the
principles and performance aspects of the device, it appears to heave
considerable promise for rspid non-destructive testing. Below are some
thoughts we had for uses which would justify the relatively high cost
of the squirment:

1. Totsl pavement thiokness measursment for concrete and
asphalt concrete pavement (replace coring).

2. Checking depth of cover over reinforeing steel in
bridge decks (replace the pacometer).

3. Condition survey of bridge decks under asphalt wearing
course or monolithic decks for maintenance or prior to
raconstruction.

L. Evaluation of subgrade drainage, belcw pavement.

5. Location of vold aress or undermined areas under concrete

pavement.
.. 6. Soils investigations before, during snd aftsr construction.
Z //,75(/ b S on .""ﬂ";"/ “”s fj;"ff//ﬁf /;’“: %;J ("/‘m’/,——/r _z%f/:‘u»rﬁ/
v The only problem with the device is the identification of the

subsurface material, you have to lmow what you are locking for.
Tha application of this tecimology te the highuay field will take a
conaiderable amount of tims and money.
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CALSPAN is presently shopping for funding to continue development
of this radar for Civilian applications. Intersst has oome from the
Highway Field and Utility Jompsnies (locating non-metalic pipe and
conduit). Interestingly enocugh, Scotland Yard is quite interested in
the device for locating buried cadavers (English murderers are
generally guite neat.)

o)
, Senior Civil Engineer ’
(Fhysical Ressarch)

IXsmr

ce: My, J. P. Pendleton

Attn: Mr. A, Oregory, w/attachment
Mr. Willet ’

Attn: Mr, Schork, w/attachment
Mr. Cleary

Attn: Mr, Donnaruma, w/attachment

Mr. Michael M. Lastra, Materials Engineer

Federal Highway Adminsgtration - Region 1
I Normanskill Blvd.

Elsmere, New York 1205}
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